Abstract-The main goal of the structural optimization is to minimize the weight of structure or the vertical deflection of loaded joint while satisfying all design requirements imposed by design codes. In general fuzzy sets are used to analyze the fuzzy structural optimization. In this paper, a planer truss structural model in intuitionistic fuzzy environment has been developed. This paper proposes an intuitionistic fuzzy optimization approach to solve a non-linear programming problem in the context of a structural application. This approximation approach is used to solve structural optimization model with weight as objective function. This intuitionistic fuzzy optimization (IFO) approach is illustrated on two-bar truss structural design problem. The result of the intuitionistic fuzzy optimization obtained is compared with the other results of optimization algorithms from the literary sources. It is shown that the proposed intuitionistic fuzzy optimization approach is more efficient than the analogous fuzzy technique for structural design.
I. INTRODUCTION
The structural optimization is an important research topic in structural and civil engineering. Structural optimization problems consist of determining the configurations of structures which obey assigned constrains and produce an extremum for a chosen objective function. In the reality structural engineering design problems, the input data and parameters are often fuzzy/imprecise with nonlinear characteristics that necessitated the developments of fuzzy optimum structural design method. Fuzzy set (FS) theory has long been introduced to handle inexact and imprecise data by Zadeh [1] . Later on Bellman and Zadeh [2] used the fuzzy set theory to the decision making problem. Intuitionistic fuzzy set (IFS), is one of the generalizations of fuzzy set theory, is characterized by a membership function, a non membership function, and a hesitancy function. Intuitionistic fuzzy optimization (IFO) is very suitable for the depiction of the uncertainty and vagueness of things. IFS was first introduced by Atanassov [3,8 and 10] and has been found to be well suited for dealing with problems concerning vagueness. The concept of IFS can be viewed as an alternative approach to define a fuzzy set in a situation where available information is not sufficient for the definition of an imprecise concept by means of a conventional fuzzy set. In fuzzy sets the degree of acceptance is only considered but IFS is characterized by a membership function and a non-membership function so that the sum of both values is less than one [16] .
Some researchers have used the technique of fuzzy set theory for solving structural model. Structural optimization with fuzzy parameters was developed by Yeh and Hsu [6] . In 1989, Xu [5] used two-phase method for fuzzy optimization of structures. In 2004, Shih and Lee [14] used level-cut approach of the first and second kind for structural design optimization problems with fuzzy resources .Shih, Chi and Hsiao [12] develop an alternative  -level-cuts methods for optimum structural design with fuzzy resources in 2003. Dey and Roy [18] optimize structural model in fuzzy environment. Nasseri and Alizadeh [20] use fuzzy geometric programming technique to optimize solution of a two bar truss. Dhar and Baruah [19] described some new definitions for some of the terms often used in the theory of fuzzy sets . But very rarely literatures reported engineering designs and applications with intutionistic fuzziness existing in the realworld problems. Now intuitionistic fuzzy optimization (IFO) is an open field for research work. Very little research work has been carried out on IFO. Angelov [9] implemented the optimization in an intuitionistic fuzzy environment. Angelov [7] also contributed in another important paper, based on intuitionistic fuzzy optimization. Wei [17] used the maximizing deviation methods to solve the intuitionistic fuzzy multiple attribute decision making problems with incomplete weight information. Pramanik and Roy [13] solved a vector optimization problem using an intuitionistic fuzzy goal programming. A transportation model was solved by Jana and Roy [15] using multiobjective intuitionistic fuzzy linear programming. I.J. Information Engineering and Electronic Business, 2014, 4, 45-51
In this paper, a well known two bar truss [11] design model is considered as a Structural design model. The results are compared numerically both in fuzzy optimization technique and intuitionistic fuzzy optimization technique. From our numerical result, it is clear that intuitionistic fuzzy optimization provides better results than fuzzy optimization.
The advantage of the intuitionistic fuzzy optimization technique is twofold: they give the richest apparatus for formulation of optimization problems and on the other hand, the solutions of intuitionistic fuzzy optimizations can satisfy the objective(s) with bigger degree than the analogous fuzzy optimization problem and the crisp one. This paper envisages the application of IFO in context of structural design.
The remainder of this paper is organized in the following way. In section II, we discuss about structural optimization model of a two-bar truss. In section III, we discuss about intuitionistic fuzzy set, ( , )  -level intervals or ( , )
 -cuts. In section IV, we discuss about Figure 1 is designed to support the loading condition. The truss is subject to constraints in geometry, area, stress [11] . y . Sometimes slight change of stress of the structure enhances weight of the structure. Such a situation, when decision maker (DM) has doubt to decide the stress constraint goal, may induce the idea of acceptance boundary and negative response margin of constraints goal. This fact seems to take the constraint goal as an intuitionistic fuzzy set instead of fuzzy set, which will be more realistic description than others. When stress constraint goal is intuitionistic fuzzy in nature of the above non-linear structural optimization programming problem becomes intuitionistic fuzzy non-linear structural optimization programming (IFNLSOP) problem with intuitionistic fuzzy resources, which can be described as follows: 
III. PREREQUISITE MATHEMATICS

A. Intuitionistic Fuzzy Set
Let a set X, an Intuitionistic fuzzy set (IFS) 
is called the degree of indeterminacy (hesitation part), which may cater to membership value, non-membership value or both.
B. ( , )  -level interval or ( , )
 -cut A set of ( , )
 -cut ,generated by an IFS i A where
as the crisp set of elements x which belong to i A at least to the degree  and which belong to i A at most to the degree  .
IV. MATHEMATICAL ANALYSIS
A. Intuitionistic Fuzzy Non-Linear Programming (IFNLP) technique to solve Single objective Nonlinear Programming Problem
A non-linear programming problem (NLP) may be taken in the following form:
In general constraints goals are considered as fixed quantity. But in real life problem, the constraint goal cannot be always fixed. So we can consider the constraint goal for less than type constraints at least j b and it may possible be extended to 0 jj bb  . This fact seems to take the constraint goal as an intuitionistic fuzzy set and which will be more realistic description than others. Then the NLP becomes IFNLP problem with intuitionistic fuzzy recourses, which can be described as follows: 
According to Angelov 9] to the above can be written as ()
,;
Step 5: Solve the above crisp model by an appropriate mathematical programming algorithm to get optimal solution of objective function.
V. INTUITIONISTIC FUZZY OPTIMIZATION TECHNIQUE ON STRUCTURAL OPTIMIZATION PROBLEM
To solve the non-linear structural optimization programming problem (2), step 1 of 4.1 is used. After that according to step 2, the bounds of objective are WT A A y is defined as follows 
, , 
According to IFO technique, having elicited the above membership and non-membership function for NLP (2) crisp nonlinear programming problem is formulated as follows
1,
Solve the above crisp model (11) by an appropriate mathematical programming algorithm to get optimal solution of objective function i.e. structural weight.
VI. NUMERICAL SOLUTION OF STRUCTURAL MODEL OF TWO BAR TRUSS
The input data for the NLP (2) 
VII. CONCLUSIONS
In this paper we proposed an integrated approach in design optimization to deal with the uncertainty using the intuitionistic fuzzy set theory. From the Table 1 , it shows that IFNLP technique gives better optimal solution of the weight of the planer truss bar .We finally conclude that IFNLP technique performs better than FNLP technique. The results of this study may lead to the development of effective IFO technique for solving other models of nonlinear programming problem in different fields.
